Abstract: Bone repair failure caused by implant-related infections is a common and troublesome problem. In this study, an antibacterial scaffold was developed via selective laser sintering with incorporating nano magnesium oxide (nMgO) to poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV). The results indicated the scaffold exerted high antibacterial activity. The antibacterial mechanism was that nMgO could cause oxidative damage and mechanical damage to bacteria through the production of reactive oxygen species (ROS) and direct contact action, respectively, which resulted in the damage of their structures and functions. Besides, nMgO significantly increased the compressive properties of the scaffold including strength and modulus, due to its excellent mechanical properties and uniform dispersion in the PHBV matrix. Moreover, the degradation tests indicated nMgO neutralized the acid degradation products of PHBV and benefited the degradation of the scaffold. The cell culture demonstrated that nMgO promoted the cellular adhesion and proliferation, as well as osteogenic differentiation. The present work may open the door to exploring nMgO as a promising antibacterial material for tissue engineering. Keywords: Nano magnesium oxide; antibacterial scaffolds; degradation properties; cytocompatibility; mechanical properties 
Introduction
Bone scaffolds are usually susceptible to bacterial infections, which easily result in the failure of bone repair [1] [2] [3] . In clinic, administration of antibiotics is a frequently used method for prophylaxis and treatment of infections. However, long-term administration of antibiotics easily causes toxic and adverse effects to the human body such as hypersensitivity and immunosuppression; and the abuse of antibiotics has given rise to serious multiple drug resistance of many pathogenic bacteria [4] [5] [6] [7] . Therefore, it is extremely necessary to explore new methods of dealing with the implant-related bacterial infections.
Developing antibacterial scaffolds may be a promising strategy with incorporating antibacterial materials [8] [9] [10] . Metallic oxides, including silver oxide, copper oxide, titanium dioxide and magnesium oxide (MgO), have attracted attention owing to their high antibacterial activity and broad antibacterial spectrum [11] [12] [13] . Among them, MgO, and especially nanosized MgO (nMgO), is more promising, considering that it has not only strong antibacterial activity but also excellent biocompatibility, which has been recognized as safe by the US Food and Drug Administration (21CFR184.1431) [14] . Besides, its alkaline degradation products may be in favor of constructing weakly alkaline microenvironments for cellular responses; the magnesium ion is widely involved in human metabolisms, playing an significant role in regulating cellular responses [15] . In addition, it has been previously used as a rigid filler for reinforcing polymer [16, 17] . Haldorai and Shim [18] prepared chitosan/MgO composites by chemical precipitation method and found the composites showed a much higher killing rate against Escherichia coli (E. coli) compared with chitosan. Yamamoto et al. [19] prepared calcium carbonate/nMgO composites via thermal decomposition of dolomite and found the composites exerted high antibacterial properties towards E. coli and Staphylococcus aureus. Ma et al. [20] prepared poly(ʟ-lactide)/nMgO composites and found nMgO neutralized the acidic degradation products of poly(ʟ-lactide) and improved its mechanical properties. Nevertheless, studies on MgO-containing composites for biomedical applications are still very lacking, and few papers, to the best of our knowledge, have systematically studied their comprehensive performances, especially in the form of scaffolds.
In this study, nMgO was incorporated to PHBV for developing antibacterial bone scaffolds. Threedimensional porous PHBV/nMgO scaffolds were prepared by selective laser sintering (SLS). The antibacterial activity of the scaffolds was evaluated, while the antibacterial mechanisms were analyzed and discussed. Moreover, the microstructure, mechanical properties, degradation behaviors and cell responses of the scaffolds were also assessed.
Materials and Methods

Powders Preparation
PHBV with 3 mol% of 3-hydroxyvalerate content, 280 kDa of molecular weight, 1 µm of average particle size and 1.25 g/cm 3 of density (the data were provided by the manufacturer) was obtained from Tianan Biologic Materials Co., Ltd. (Ningbo, China). nMgO with average particle size of 50 nm and density of 3.58 g/cm 3 (the data were provided by the manufacturer) was purchased from Shanghai Macklin Biochemical Co., Ltd. (Ningbo, China).
Five formulations of PHBV/nMgO powders containing 0, 1, 3, 5 and 7 wt% nMgO were prepared mainly through the following procedures [21] : (a) weighing certain amounts of PHBV and nMgO powders according to the designed formulations, and adding them into two beakers containing certain amounts of absolute ethyl alcohol, respectively, followed by magnetically stirring the two solutions for 30 min, respectively; (b) adding the nMgO solution into the PHBV solution, and magnetically stirring the mixed solution for 30 min, followed by ultrasonically dispersing for 30 min; (c) filtering the mixed solution to obtain the mixed powders; (d) drying the mixed powders in vacuum drying oven at 60 °C for 24 h; (e) mechanically milling the dried powders with planetary ball mill for 2 h, and finally obtaining the PHBV/nMgO powders.
Scaffolds Preparation
Three-dimensional porous scaffolds were prepared via a self-developed SLS system, which consisted mainly of a CO 2 laser device (SR 10i, Rofin-Sinar Laser GmbH, Hamburg, Germany) and a galvanometer scanning system (3D scanhead-300-15D, Beijing Century Sunny Technology Co., Beijing, China). Briefly, the laser selectively sinters the powder layers under the control of the scanning system according to the cross-section profiles of the designed parts, forming the solid parts in a layer-by-layer manner [22, 23] . The primary processing parameters, i.e., laser power, scanning speed, scanning spacing and layer thickness were set as 2 W, 200 mm/s, 0.1 mm and 0.1 mm, respectively. Five formulations of PHBV/nMgO scaffolds containing 0, 1, 3, 5 and 7 wt% nMgO were fabricated, which were denoted as PHBV, PHBV/1%nMgO, PHBV/3%nMgO, PHBV/5%nMgO and PHBV/7%nMgO scaffolds, respectively.
Microstructures and Mechanical Properties
The phase composition of the PHBV/nMgO scaffolds was analyzed by X-ray diffraction (XRD) (Bruker D8, German Bruker Co., Karlsruhe, Germany). The diffraction data were collected from 5 to 70° at a scan rate of 8°/min using Ni-filtered Cu Kα radiation (λ = 1.5406 Å). The surface morphologies of the PHBV/ nMgO scaffolds were analyzed by scanning electron microscope (SEM) (MIRA3, TESCAN, Brno, Czech Republic) installed with energy dispersive spectroscopy (EDS) (X-Max 20, Oxford Instruments, UK) using secondary electron model under 15 kV accelerating voltage. Before the characterization, the specimens were fixed on copper stubs using electrically conductive adhesives, followed by spurting with platinum to increase their conductivity.
The mechanical properties of the PHBV/nMgO scaf folds were assessed by compression tests using a universal testing machine with a 30 kN load cell (MTS Insight 30, MTS Systems Corporation, MN, USA). The specimens (cylinder, 12.7 mm in diameter by 25.4 mm) were compressed to 50% strain at a rate of 1 mm/min [24, 25] . The compressive strength and compressive modulus of the scaffolds were determined from the obtained compressive stressstrain curves. Five specimens were tested for each formulation of the scaffolds. The scaffolds with optimal compressive properties were then used to characterize their antibacterial activity, degradation properties and cytocompatibility.
Antibacterial Activity
E. coli was used as a model bacterium as it is one of the most common bacteria causing orthopedic implantrelated infections [26] . The antibacterial activity was evaluated by seeding E. coli ATCC 25922 to the PHBV/5%nMgO scaffolds and then observing the adhesion and proliferation level, with PHBV scaffolds serving as control. The bacterial suspensions were diluted to a concentration of 5×10 5 CFU/mL as this is the clinically relevant concentration in orthopedic infections [27] . Before seeding, the scaffold specimens (diameter 8 mm, thickness 4 mm) were sterilized in XFS-260 autoclave at 120 °C for 20 min, followed by immersing in phosphate buffer solution (PBS) overnight to prewet. Afterwards, the specimens were seeded with the diluted bacterial suspensions and incubated in low glucose Dulbecco's Modified Eagle Medium (DMEM) at 37 °C in 5% CO 2 /95% air atmosphere. After 24 h of incubation, the bacterium/scaffold constructs were gently washed using PBS, and then were fixed with 2.5% glutaraldehyde. Subsequently, they were dehydrated with a graded ethanol series, and dried in vacuum drying oven. Afterwards, the dried specimens were installed on copper stubs, sputtering with platinum. Finally, the adhesion and proliferation level of E. coli were characterized using a SEM (Phenom ProX, PhenomWorld BV, Netherlands) installed with EDS (INCA, Oxford Instruments, UK) under backscattering mode.
Reactive oxygen species (ROS) was reported to play a significant role in exerting the antibacterial activity of some metallic oxide including nMgO [12, 13] . Hence, an oxidation-reduction method [28, 29] based on reducing nitroblue tetrazolium (NBT) by ROS was employed to detect the production of ROS in the suspensions containing PHBV/5%nMgO scaffolds, with PHBV scaffolds serving as control. Firstly, approximately 50 mg PHBV/5%nMgO scaffold specimens were added into a cap-sealed tube filling with 50 mL PBS containing 2.5×10 -5 M NBT, followed by incubating at 37 °C in a water bath shaker (SHA-C, Hunan Lichen Instrument Technology Co., Ltd., Changsha, China). After incubating for 1 min, 1 mL of the suspension was aspirated and filtered in order to determine the initial absorbance. After that, another 1 mL of the suspension was regularly aspirated and filtered at a fixed time interval of 10 min until 60 min. The absorbance of the initial filtrates and the filtrates taken out at the fixed time interval was measured with an ultraviolet-visible (UVvis) spectrophotometer at 259 nm where NBT showed a maximum absorbance. The amount of the produced ROS was proportional to the reduction percentage of NBT, which was calculated by the equation (2.1):
where A 0 and A t represent the absorbance of the initial filtrates and the filtrates taken out at t min, respectively. The ROS detection tests were performed in quintuplicate. Besides, a blank control was also set, where no scaffold specimens were added into PBS/NBT solution, in order to exclude the effects of possible self-decomposition of NBT.
Degradation Properties
The degradation properties of the PHBV/nMgO scaffolds were evaluated by immersing them in PBS (pH = 7.4). Prior to immersion, the initial weights of the specimens were recorded. Approximately 1 g specimen was added into a cap-sealed tube containing 10 mL PBS and incubated in an electronic thermostat water bath at 37 °C. After the predetermined immersion time (7, 14, 21, 28 and 35 days), the specimens were taken out and the PBS was collected. The pH values of the collected PBS were measured using a digital pH meter with a resolution of 0.01 (PHS-3C, Shanghai Xiaosheng Instrument Manufacturing Co., Ltd., Shanghai, China). The specimens were dried in a vacuum drying oven until their weights were constant. The weight loss of the specimens was calculated by the equation (2.2):
where W 0 and W t represents the initial weights and the residual weights of the specimens after t days of immersion, respectively. The pH and weight loss tests were carried out in quintuplicate. After the weight loss was determined, the specimens were used to characterize the degradation morphologies. Before SEM characterization, the specimens were installed on copper stubs and sputtered with gold. The surface morphologies of the specimens were observed by Phenom ProX SEM using backscattering mode under 15 kV acceleration voltage.
Cytocompatibility
The cytocompatibility of PHBV/5% nMgO scaffold was evaluated by seeding with MG63 cells (American Type Culture Collection, Manassas, VA, USA) and assessing the cellular responses. The MG63 cells were harvested using trypsin/EDTA, centrifuged at 1×10 3 rpm for 3 min and resuspended in DMEM. The scaffold specimens (diameter 8 mm, thickness 4 mm) were sterilized in an autoclave (XFS-260, Zhejiang Xinfeng Medical Devices Co., Ltd., Shaoxing, China) at 120 °C for 20 min, followed by immersing in PBS overnight to prewet. Afterwards, the specimens were seeded with MG63 cells (at a density of 2×10 3 /well, 1×10 5 /well and 5×10 5 /well for SEM observation, Cell Counting Kit-8 (CCK-8) assay and alkaline phosphatase (ALP) staining, respectively) and incubated in low glucose DMEM supplemented with 10% fetal bovine serum and 1% antibiotic-antimycotic solution at 37 °C in 5% CO 2 /95% air atmosphere. After the selected incubation time, the cell-scaffold constructs were sacrificed to assess the cellular adhesion, proliferation and osteogenic For evaluating cellular adhesion, the cell/scaffold specimens were gently washed with PBS, followed by fixing with 2.5% glutaraldehyde. Subsequently, a graded ethanol series was used to dehydrate the cells. Afterwards, the specimens were dried in vacuum drying oven, followed by sputtering with platinum. Finally, the cellular morphologies were characterized by Phenom ProX SEM using backscattering mode under 15 kV acceleration voltage. For CCK-8 assay, the MG63 cells were harvested from the scaffold specimens by Trypsinethylene diamine tetraacetic acid solution, followed by centrifugation treatment. Afterwards, 0.2 mL of the obtained supernatant was added into 1 mL of fresh culture medium, followed by adding CCK-8 (CK04-13, Dojindo Molecular Technologies, Kimamoto, Japan) solution into it according to the instructions of the manufacturer, which generated an orange formazan product by cellular dehydrogenases. After culture for 4 h at 37 °C, 100 μL of the sample solution was transferred into plate to measure the absorbance with a microplate reader (Beckman, USA) at 450 nm. For ALP staining, the MG63 cells were washed with PBS, fixed with 4% paraformaldehyde for 30 min and then permeated with 0.5% Triton X-100 for 30 min. Subsequently, ALP staining was carried out with 5-bromo-4-chloro-3-indolyl-phosphate/NBT (BCIP/NBT) alkaline phosphatase color development kit (P0321, Shanghai Beyotime Biological Technology Co., Ltd, China) according to the instructions of the manufacturer. Finally, the stained cells were mounted with waterbased mounting medium (Boster Biological Technology Co., Ltd., China), followed by observing with light microscope.
Statistical Analysis
Quantitative data were expressed as the mean ± standard deviation. Levene's test was applied to examine equality of variances. Unpaired two-tailed Student's t-test was performed to determine statistical significance. Labels *, ** and *** represent p < 0.05, p < 0.01 and p < 0.001, respectively.
Results and Discussion
The three-dimensional porous scaffold model and a representative SLS-fabricated PHBV/nMgO scaffold were shown in Figure 1 . It could be seen that the shape and size of the scaffold were consistent with those of the model. The scaffold showed a well ordered and interconnected porous structure. It was considered that the pore size of scaffolds should be large enough to ensure nutrient delivery and tissue ingrowth but not too large to prevent cell migration [30] . Roosa et al. [31] found all of the polycaprolactone scaffolds with pore size from 350 to 800 μm could promote bone regeneration and there were no significant differences in new bone formation between them. Similar results were reported by Schek et al. [32] who found significant new bone formation for both poly(propylenefumarate)/β-tricalcium phosphate scaffolds with 300 and 800 μm pores, with no statistical differences between them. Hence, the PHBV/ nMgO scaffold with pore size of about 400 μm may be beneficial for substance metabolism, cell responses and bone regeneration. trabecular bone (4 to12 MPa and 50 to 500 MPa, respectively [36] ). As the dispersion of fillers in polymer matrix was a significant factor influencing the mechanical properties of polymer composites [37] [38] [39] [40] , the dispersion of nMgO in PHBV matrix with different nMgO content were characterized using SEM (Figure 4) . After incorporation of nMgO, some bright spots appeared in the PHBV matrix; their amounts gradually increased with the nMgO content increasing. The EDS spectrums indicated that the bright spots were just the nMgO incorporated. They kept dispersing uniformly in the PHBV matrix until 5 wt%. However, severe aggregations happened when further increasing the nMgO content. It was well known that excessive nanoparticles would easily result in the occurrence of agglomeration due to the large specific surface area and surface energy [41, 42] . The compressive properties of the PHBV/nMgO scaffolds increased with the nMgO content increasing as the total interfacial areas between the fillers and matrix keep increasing. The significant improvements in the mechanical properties of the PHBV/nMgO scaffolds were resulted from strong reinforcing effects of MgO nanoparticles. There were several factors accounting for it: (a) the elastic modulus of MgO was as high as 310 GPa [43] , ensuring the applied stress could be transferred to the fillers from the matrix; (b) the nano-sized MgO have extremely high specific surface area, which greatly increased their interfacial areas with the matrix and thus enhanced effectiveness of the stress transfer; (c) the uniform dispersion of MgO nanoparticles in the PHBV matrix maximized its potential in improving the mechanical properties. However, excessive nanoparticles would form severe agglomerations (>5 wt%), which
The XRD patterns of the PHBV/nMgO scaffolds were plotted in Figure 2 . The PHBV scaffold showed strong diffraction peaks at 2θ = 13.4 and 16.8°, which were corresponding to (020) and (110) planes, respectively; additional diffraction peaks at 2θ = 20.1, 21.4, 22.6, 25.5, and 27.1° were also detected, which were assigned to (021), (101), (111), (121), and (040) planes, respectively [33, 34] . After incorporating nMgO, the scaffolds showed two new diffraction peaks at 2θ = 42.9 and 62.3°, which were just corresponding to the two main diffraction peaks of MgO assigning to (200) and (220) planes (JCPDS 87-0653), respectively. Moreover, the intensities of the main diffraction peaks of nMgO gradually increased with increasing nMgO content. This indicated nMgO kept thermal stability during the SLS process as it had a very high melting point more than 2800 °C [35] . The compressive strength and compressive modulus of the PHBV/nMgO scaffolds as a function of nMgO content were depicted in Figure 3 . In general, they both increased at first but decreased then with the nMgO content increasing from 0 to 7 wt%. The compressive strength and compressive modulus of the PHBV scaffolds were 2.62 and 29.33 MPa, respectively. After incorporating nMgO from 1 to 5 wt%, they keep increasing from 3.37 to 5.14 MPa, and 34.36 to 44.68 MPa, respectively. However, they began to decrease when the nMgO content exceeded 5 wt%. Therefore, the optimal nMgO content was considered to be 5 wt% to obtain the optimal compressive strength and modulus, which were improved by 96.18% and 52.34% compared with the PHBV scaffolds, respectively. It was worth noting that the optimal compressive strength and modulus of the scaffolds was close to that of human led to a significant decrease of the interfacial areas and strength between the fillers and matrix, thus resulting in the decrease of the reinforcing efficiency. As the PHBV/5%nMgO scaffold showed optimal compressive properties, they were selected to be further evaluated in terms of antibacterial activity, degradation behaviors and cytocompatibility. The adhesion and proliferation level of Escherichia coli (E. coli) cultured on the PHBV/5%nMgO and PHBV scaffolds after 24 h were evaluated by SEM ( Figure 5) . The E. coli showed a typical rod shape. It was obvious that large amounts of E. coli attached on the PHBV scaffolds and covered almost the entire surface. In contrast, there was only a small amount of E. coli attaching on the PHBV/5%nMgO scaffolds. The dramatic decrease of the numbers of E. coli indicated that nMgO inhibited the adhesion and proliferation of E. coli and killed them. Moreover, it seemed the appearance of the E. coli attached on the PHBV/nMgO scaffolds was abnormal, suggesting them suffered structural damage from the antibacterial action of nMgO ( Figure 5D ). The results indicated the incorporation of nMgO imparted strong antibacterial activity to the scaffolds.
As ROS production was reported to play a significant 
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role in exerting the antibacterial activity of some metallic oxide including nMgO [44] [45] [46] . Hence, the production of ROS from the PHBV/nMgO scaffolds was indirectly determined by calculating the reduction percentage of NBT. As shown in Figure 6 , there was almost no reduction of NBT for PHBV scaffolds, indicating they did not produce ROS. Actually, a slight reduction of ROS could be observed, which was resulted from the decomposition of NBT itself as shown in the blank control. In contrast, there happened significant reduction of NBT for the PHBV/nMgO scaffolds. Meanwhile, the reduction of NBT gradually increased with incubation time increasing. The results demonstrated nMgO promoted the production of ROS.
The production of ROS may be attributed to a sequential oxidation-reduction reactions occurred at the surface of nMgO [47] . In detail, nMgO could be hydrated with water and form Mg(OH) 2 on its surface, leading to the formation of surface bound electron-hole pairs, which would subsequently decompose into surface trapped electrons and localized holes [48, 49] . They were typical oxide catalysts and would promote molecular oxygen (O 2 ) to produce ROS via single electron reduction [50] . It was worth noting that ROS was a strong oxidant. When its concentration exceeded the scavenging ability of the antioxidant defense system of bacteria, they would compel them generate oxidative stress, which subsequently led to the damage of the structure and functions of bacteria [51, 52] . Besides, the contact action of the MgO nanoparticles on bacteria would make them generate mechanical stress, resulting in the deformation and damage of the bacterial structure [53, 54] . In addition, there were large amounts of active sites on MgO nanoparticles [55] , enabling them easily absorb to the bacteria; the enrichment of nanoparticles on the bacteria would increase their membrane permeability [56] . The possible antibacterial mechanisms of nMgO were summarized in detail in Figure 7 .
The mass loss and pH for the PHBV/5%nMgO and PHBV scaffolds after immersion in PBS for different days were shown in Figure 8A and 8B, respectively. The mass loss of both of the scaffolds gradually increased with immersion time prolonging, but it was obvious that the mass loss of the PHBV/5%nMgO scaffolds was larger than that of the PHBV scaffolds. After 35 days, the mass loss of the PHBV/5%nMgO scaffolds was 12.68%, which was almost double that of the PHBV scaffolds. In contrast, the change trends of pH for the PHBV and PHBV/5%nMgO scaffolds were significantly different; the pH for the former decreased gradually while that of the latter increased gradually with immersion time increasing. After 35 days, the pH for the PHBV and PHBV/5%nMgO scaffolds were 6.85 and 7.63, respectively, resulting in a weakly acid and weakly alkaline microenvironment, respectively. Besides, the amplitude of pH variation for the PHBV/5%nMgO scaffolds was much smaller than that for the PHBV scaffolds. This was mainly ascribed to the alkaline degradation products of MgO, which exerted neutralization effect against the acid degradation products of PHBV. These results indicated nMgO could promote the degradation of the PHBV scaffolds and neutralize their acid degradation products.
The surface microtopography of PHBV/5%nMgO and PHBV scaffolds after immersion were characterized by SEM (Figure 9 ) to explain the results of mass loss and pH. It was clear that the surface morphologies of the PHBV/5%nMgO scaffolds were significantly different from that of PHBV scaffolds. In general, the surfaces of PHBV scaffolds after immersion were smooth if the microvoids and microcracks on them were neglected. For PHBV/5%nMgO scaffolds, many micropores appeared on the surface after 7 days of immersion. With the degradation time prolonging, their quantity and size gradually increased. After 35 days of degradation, large amounts of pores formed on the surface, resulting in a microporous structure.
The micropores were resulted from the degradation of MgO nanoparticles as well as the subsequent collapse of the PHBV matrix. It was known that MgO would be hydrolyzed with water to form Mg(OH) 2 , but a strange thing was that it seemed no Mg(OH) 2 particles appeared on the surface. Nevertheless, the EDS mapping results ( Figure 9G ) indicated that there obviously existed element Mg after degradation, which belonged to Mg(OH) 2 and/or MgO in the PHBV matrix. The "disappearance" of Mg(OH) 2 was attributed to its dissolution and outflow into PBS solutions. When MgO was hydrated with water to form Mg(OH) 2 , its crystal lattice would transform from cubic structure to hexagonal structure, which resulted in significant volume expansion [57] . Meanwhile, crystal growth pressure and water-absorbing swelling pressure of Mg(OH) 2 would further promote the volume expansion [58] . This would lead to the deterioration of the interface adhesion between the particles and matrix, thus making them easy to outflow and leave large amounts of micropores in the matrix. In return, the pores would significantly increase the specific surface area of the matrix and make water permeate more easily, thus promoting the degradation of the scaffolds.
The cytocompatibility of PHBV/5%nMgO scaffolds was evaluated in terms of cellular adhesion, proliferation and osteogenic differentiation. The adhesion morphology of MG63 cells on PHBV/5%nMgO and PHBV scaffolds after culture for 1, 3 and 5 days was shown in Figure 10 . MG63 cells showed an elongated shape and anchored to the surface of the PHBV scaffolds with lamellipodia after 1 day of culture. Some of them gathered together and formed clusters on day 3. On day 5, most regions of the PHBV scaffolds were covered with cell clusters. As for PHBV/5%nMgO scaffolds, some of MG63 cells fused to geth er on the surfaces as soon as on day 1. After 5 days of culture, the entire regions of the PHBV/5%nMgO scaffolds were almost fully covered with MG63 cells, forming thicker cell clusters than that on the PHBV scaffolds. The SEM results indicated the addition of MgO promoted the cellular adhesion and proliferation of MG63 cells on the scaffolds. The proliferation level of MG63 cells on PHBV/5% nMgO and PHBV scaffolds after culture for 1, 3 and 5 days was evaluated by CCK-8 assay (Figure 11 ). The absorbance is directly proportional to the number of cells according to the principle [59] . It was clear that the number of MG63 cells gradually increased during the whole culture period, for both of the scaffolds. There were significant differences in cell numbers between the adjacent culture time for the PHBV/5% nMgO scaffolds. More importantly, the cell numbers on the PHBV/5% nMgO scaffolds were more than that on the PHBV scaffolds, with significant differences being observed. The CCK-8 assay results suggested the addition of nMgO promoted the proliferation of MG63 cells on the scaffolds.
The osteogenic differentiation of MG63 cells on the PHBV/5% nMgO and PHBV scaffolds was evaluated by ALP staining assay as ALP was widely recognized as a marker for osteogenic differentiation [60] . The number of cells staining positive gradually increased with culture time increasing for both of the PHBV/5% nMgO and PHBV scaffolds (Figure 12 ). This was attributed either to the maturation of seeded cells or to that of the newly proliferated cells. Furthermore, the cells staining positive on the PHBV/5% nMgO scaffolds were much more than that on the PHBV scaffolds. The ALP staining results indicated the addition of nMgO improved the ability of the scaffolds to induce osteogenic differentiation of MG63 cells.
Ion release from biomaterials was one of the main factors influencing cellular responses [61, 62] . It was known that many metal ions could act as co-enzyme factors, thus influencing signal pathways and stimulating cellular responses [63] . In particular, Mg 2+ could initiate activation of integrins through attaching to the sites on their α-chain [64, 65] . It is noted that integrins play an important role in modulating cellular functions such as cellular adhesion, migration, proliferation, differentiation of all human cells as the transduce signals could regulate expression of related genes [66, 67] . In the presence of water in the culture medium, the MgO nanoparticles in the matrix would be hydrated with water to form Mg(OH) 2 . The product would further hydrolyze and ionize into Mg 2+ and OH -. Hence, the Mg 2+ could be released from the scaffolds and be finally utilized by MG63 cells, stimulating their cellular responses.
Conclusions
PHBV/nMgO scaffolds fabricated via SLS showed interconnected and well-ordered microporous structures. The incorporation of nMgO imparted strong antibacterial activity to the PHBV scaffolds. The antibacterial mecha nism was that nMgO could promote the production of ROS and mechanically contact with bacteria. Besides, the compressive strength and compressive modulus of the PHBV scaffolds were increased by 96.18% and 52.34% with addition of 5 wt% nMgO, respectively. Moreover, nMgO could neutralize the acid degradation products of PHBV and promote the degradation of the scaffolds. In addition, nMgO stimulated the cellular adhesion, proliferation and osteogenic differentiation. This study may provide preliminary guidance for applying nMgO as an attractive antibacterial material for bone tissue engineering.
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